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Dear Tom Reed and Li st nenbers,

d ad to comment on the issue of volunetric density. Tominvited me to give
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an essay on the effect of energy volunme density on storing and feeding.
Here it is.

My chain of thought goes frommacro to mcro and ends with fuel data and
exanpl e cal cul ations of volunmetric inpact on maxi mum cofiring percentages.

1. VOLUMETRI C DENSI TY

| fully support Tom Reed's suggestion to enphasi ze the volunetric energy
density of biofuels (&Q/nB or MMBtu/ft3) and give it an equal place next to
the mass based energy density (CV in GJ/ton or MMBtu/lb). Volunetric energy
density is inportant both froma design and from an econoni cs point of view
And ought to be considered for the conplete fuel cycle.

2. | NTEGRATED FUEL CHAIN

Use of biomass fuels on a scale as required to inpact the world' s GHG

bal ance requires hugh material flows. Flows in tons, but in volune as well.
To manage this material flow (and keep it within financial constraints) an
integrated view of the conplete fuel chain is required, much Iike the
overviews used for LCA's (Life Cycle Analyses).

The econom cal viability of any fuel chain will be determ ned by the parti al
costs per link. Picking the right links to string a conplete chain is what
matters nost.

G ven the comments by TomMles, | wll not address the transportation
issue. | just like to add that al so barge and bl ue-water ocean traffic
underly Tom M| es's observation stressing optimum | oose bul k density as
based on vol une versus weight transportation rates. Sone biomass is crossing
bl ue wat er already.

The fuel chain requires to separate "new' from "existing"” power plants.

3. NEWversus EXI STI NG PLANTS

Designing a dedicated plant for a dedicated (bio)fuel is one thing. Hel ping
to make a dent in the GHG increase world wide is another. | believe that
both routes need to be explored sinultaneously to get nmeaningfull results
during the next decades.
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(For those who don't |ike GHG concern, substitute regular fossil fuels
depletion, it leads to the sane concl usion).

3A. New plants and new i ndependent add-on fuel systens

For a new plant (or new independent fuel circuit feeding directly into the
boiler) there is the classic design choise: can nore expensive (densified)
fuel provide for | ower than proportional capital charges or not? The answer:
probably yes, but nodestly in as far as sizing of the equipnent is

concer ned.

Unloading facilities, interimstorage and feedi ng nechanismcan all be nore
conpact, and sonewhat |ess construction materials used. However, whereas
total weight to be transported and stored i s unchanged, the savings on
construction materials (and related investnent) wll be nodest. C earest
case of lineair savings will be in the roofing of covered storage (not in

t he foundati ons, weight is unchanged). No savings foreseen in automation,
process controls etc. No savings are foreseen in operations and mai nt enance.
Not e: max. capacity is not a concern in this equation

For a new plant on an unconstricted site nmy guess is that the financial gain
by designing for densified fuel will only be nodest.

Wth two exeptions:

1) site space limtations don't allow for undensified storage

2) densification of biofuel allows it to be handl ed

These two exeptions don't deal wwth a free cost/benefit choice, but rather
are a prime prerequisite for the execution of the particul ar project.

3B. Existing plants

Her e physical constraints are to be faced in terns of steel and concrete.
Not just on the drawi ng board. Two options are open: "rebuild" or "make-do".
A conplete rebuild of the existing fuel facilities will often be considered
not viable for an existing plant with [imted residual |ife expectancy
(boiler, turbine/gen set etc). Where downtine of the unit is not desirable
due to contractual dispatch obligations or peak-power earnings potential, a
full rebuild can be ruled out and "make-do" will be the preferred option.
Renenber, converting to biomass as cofiring fuel is usually a financially
mar gi nal operation. In cases of an existing coal infrastructure, the
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decision wll often be based on a m x of reasons (certainly including
environnmental incentives), hardly expecting to cover nuch nore than costs.

That | eaves to "make-do" with the existing facilities.

-For unl oading of biomass the limtation will often not be so strict, if

unl oading with help of the coal unloading facilities. Chances are good t hat
at present there is enough spare tinme for handling the increnmental vol une.
-For storage the sane holds true as for the newy designed plant: cost of
foundations will change little, cost of roofing (if required) will decrease
almost linearly with degree of densification. |If storage space is limting
the project, densification mght be a prerequisite.

-It is in feeding biomass with help of the existing coal feeding systemthat
the i nmpact of volunetric density shows up nost clearly. Conveying, storage
in the boiler house, feeders, pulverizers, classifiers (sieves) all can
becone vol une restricted.

Runni ng conveyor belts nore hours around the clock has its |inmtations due
to mai ntenance requirenments. Not only for the belts and drives itself, but
al so for the | oading, weighing and unl oadi ng equi pnrent at both ends. Loading
up belts higher is Iimted by angle (both cross-sectional and el evati ng
towards the boiler house), dunp shoots nay plug up

Still it is also here that real potential for bul k biomass cofiring opens
up, due to the | ow degree of nodifications required, wth subsequent | ow
capi tal charges invol ved.

4. NUVERI CAL COVPARI ON of FUEL DATA (in netric)

COAL

| oose bul k density = 850 kg/n8 (in pile)
energy density Cv= 24 M/ kg = 24 &/ton
vol unetric density 850 kg/ n8*24 M/ kg

vol unetric density = 20400 M)/ nB
volunetric density = 20.4 &I/ nB
LOCSE DRY SAWDUST

| oose bul k density = 200 kg/ nB

energy density Cv= 18 M)/ kg (assune dry)
vol unetric density =200 kg/ n3*18 M/ kg
vol unetric density = 3600 MJ/ nB
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volunmetric density = 3.6 GI/ nB

REGULAR WOOD PELLETS

"solid" density = 1.3 g/cc

"solid" density = 1300 kg/n8

in pile: void coefficient = 50%

| oose bul k density = 650 kg/ n8

energy density Cv= 18 M)/ kg (assune dry)
vol unetric density =650 kg/ n3*18 M/ kg
vol unetric density 11700 MJ/ nB

vol unetric density 11.7 G/ n8B

THERMVALLY UPGRADED WOOD PELLETS
"solid" density = 1.3 g/cc

"solid" density = 1300 kg/n8

in pile: void coefficient = 50%

| oose bul k density = 650 kg/ nB

energy density Cv= 22 M)/ kg (assune)
vol unetric density =650 kg/ n3*22 M/ kg
vol unetric density 14300 MJ/ nB

vol unetric density 14.3 G/ nB8

Conpari son:

coal = ... ... 20.4 G/ nB

| oose dry sawdust = .............. 3.6 G/ nB or 18% of coal
regul ar wood pellets = ........ 11.7 &/ nB or 57% of coa

t herm upgraded pellets =...... 14.3 GJ/ nB or 70% of coa

Rel ative volunetric energy density:

coal = ... .. 1.00
| oose dry sawdust = .............. 0.18

regul ar wood pellets = .......... 0. 57

t herm upgraded pellets =...... 0.70

5. EXAMPLE CALCULATI ON of vol unetric inpact
wi th wood pellets at 50% fuel flow volune increase

Suppose one handles in an existing (or slightly nodified) plant a physically
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mexi mum vol une of m xed fuel of coal +regul ar wood pellets. And still feed
the boiler with an equal anmount of energy (same # GJ's) on a 24-hour basis.
For the sake of this exanple cal culation, assume that that physically
maxi mum vol ume equal s 150% of the volune of 100% coal .

How does this work out on the all owabl e percentage cofiring of wood pellets,
the reduction in coal and the cofiring percentages.

The rel evance of densification is shown in paragraph 6 when we scal e back
fromdensified wood pellet to non-densified sawdust.

Wher eas one now bunkers 150% of the original volune, the averige "volunetric
energy density" of the m xed fuel may now be reduced to 2/3 of what it was
for pure coal, i.e. may go down to 0.67*20.4 &I/ nB=13.7 GI/ nB.

*First consider froma nmass flow + energy input point of view

equation for coal energy per 24-hours:
coal X ton/24h*24 GJ/ton = 24X GJ/ 24h

equation for coal +wood pellets energy per 24-hour:
coal Y ton/24h*24 GJ/ton + pellets Z ton/24h*18 GJ/ton =
(24Y+182) @G/ 24h

These fuel s represent the sane energy per 24-hours,
24X=24Y+18Z

pell et mass flow Z=(24/18)*(X-Y) tons/24h
(equation 1)

*Now froma vol une point of view

equation for coal volunme per 24-hours:
coal U nB/24h

equation for coal +wood pellets vol une per 24-hours:
coal V nB/24h + pellets Wn8B/24h
V+W n8/ 24h

*We assunmed the m xed fuel to have a factor 1.5 higher vol une:
t herefore: 1.5*U=V+W nB/24h
pel l et vol ume We1l. 5U-V nB/ 24h

http://www.crest.org/di scussi on/bioenergy/200102/msg00005.html (6 of 9)7/26/2005 9:47:59 AM



Bioenergy Archive for February 2001

(equation 2)

For pellets the ratio Z tons/24h over WnB/24h = specific weight
ZI' W= 0.650 or Z=0.65*W

For 100% coal the ratio X tons/24h over U nB/24h = specific weight
XI'U = 0.850 or U=X/0.85
For reduced % coal the ratio Y tons/24h over V n8/24h = spec wei ght
Y/ V= 0.850 or V= Y/0.85

Substitute the above ratio's in equation 2 and find:
WL, S5U-V

Z=0. 65*( 1. 5X/ 0. 85-Y/ 0. 85)

(equation 3)

we had equation 1 as:
Z=(24/ 18)*( X-Y)

Fol l ows from equati on l=equation 3:
> (24/18)*(X-Y) = 0.65*(1.5X/ 0.85-Y/0. 85)
X-Y = (18/24)*(0.65/0.85)*(1.5X-Y)

for a better overview call factor F = (18/24)*(0.65/0.85)
X-Y = F*(1.5X-Y) = 1.5FX-FY

follows FY-Y = 1.5FX - X

Y(F-1) = X (1.5F-1)

Y = X*(1.5F-1)/(F-1)

(equation 4)

substitute in equation 1:

Z=(24/ 18)*( X-Y)

Z=(24/18)*(1- (1.5F-1)/(F-1))*X
Z=(24/18) *(-0.5F/ F-1) *X
Z=(24/18)*(0.5F/ 1-F)*X
(equation 5)

In this particular case of coal and wood pellets:
F = (18/24)*(0.65/0.85) = 0.57
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So t hat

Z=(24/18)*(0.5F/ 1-F) *X (equation 5)
Z=(24/18)*(0.5*0.57/0.43)*X = 0.88 X tons/24h
and

Y= X*(1.5F-1)/(F-1) (equation 4)

Y= X*(-0.14)/(-0.43) = 0.34 X tons/24h
Y+Z = 0.88+0.34 = 1.22 X tons/24h

wher e:

Z= wood pellets in tons/24h in m xed fuel
Y= adjusted coal in tons/24h in m xed fuel
X= original coal in ton/24h (as 100% coal)

Subconcl usi on:

when energy input stays the sane

and volune of fuel is allowed to go up to 150%

then in case of densified wood pellets with Cv=18 M/ kg
total tonnage goes to 122%

and cofiring m xture on a nmass/ nass basi s

can reach up to 0.88X / 1.22X = 72%

and cofiring m xture on energy basis

can reach up to (0.88*18) / (0.88*18 + 0.34*24) = 66%

6. NOW FOR THE | NFLUENCE OF DENSI FACTI ON

Under the sane assunption of a 150% hi gher fuel flow volunme we now scal e
back fromdry densified wood pellets with a | oose bulk density of 650 kg/ nB
to dry non-densified sawdust pellets with a | oose bul k density of 200 kg/ nS.
In both cases the CV is kept at 18 M/ kg.

. Prev by Date: Re: Optimizing Fuel Volume Density...
. Next by Date: Fwd: 1st International Congress on Biomass for Metal Production
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& Electricity Generation
. Prev by thread: Re: Optimizing Fuel Volume Density...
. Next by thread: Biomass Conference of America Abstracts Due March 16
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